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The developsent of nonsieatructive testing methods and 
the recently luproved fusion welding processes of important 
engineering atractures go hand in hand towarml paving the 
road to great advancement in modern engineering design ané 
process of welding create @ condition thet demands a none 
destructive test of the welded joint. The majority engt-« 
neering opinion considered that sush a test is necessary bee 
fore fusion welding can be gonerally applied to engineering 
etructures, auch ac power boiler dramas ani of] cracking 
equipment where high preseures and temperatures are used. 

Hodge (1956) stateds 


widespread of the nonedestructive teste in commercial use 
today. Briefly the test consiate of obtaining a "shadow 


graph” of the "body" of a wold or casting, using an «ray 


beam as the "shadow" produsing agent and a photographie 
plate as the recording dGeviee. By this method it ia pose 
aivle to obtain en “image,” on a photographic plate, of all 
Gissontinaities or lack of hamogeneity, such as gas pockets 
or glag inclusions whose magnitude is two per cent or 
greater of the plate thickness. 

During the past year, @ radiographic machine was in~ 
etalleé in the Department af Shop Practice at Kangss ftate 
College of Agriculture end Applied Science to carplement the 
destructive testing enchines already in use an the welding 
ani casting work of the departeent. This "“wappler” mechant~ 
eal rectification unit mmc a kilovolt peak (kwp) rating of 
160 and, with the ald of intensifying ecreens, is eapable of 
saceessfully radiographing castings and welds up to two 
inches in thickness, The maehine is proving very satisfas~ 
tory since the average thickness of material seldom execeda | 
one inch. 


During the ceremonies at urtsburg in 1095, Roentgen 
officially proclaimed his dlscovery of the Xeray and at that 


yaphy (Roentgen, 1807). Bub there were many cbetacles in 

the road of the carly plomeera. It soon became evident that 
cessful radiography of metals. During the first decade of 
the twentieth century, the selence of I-ray therapy became 
velopment of these high voltage units sade available more 

powerful apparatus for the industrial radiolegist. 

The one step that wae outetanding in the progress of 
vadiography was the invention and development of the fila- 
wont controlled Coolidge tube. Twenty-five years ago, 
Cooldige, of the General Plectric lsboratories, perfected 
this tube which ie in universal use today and which onde 
possible the delicate control of output intensities thus 
simplifying the problem of voltage and thiclmess relation« 
ahips. (Clark, 1952.) 

During 1028 and 1929 the Anertean Soeiety of Nechanteal 
Engineers was formating rules for the fusion welding of 
high pressure vessels, ané the nondestructive testing of 
these welde was one of the requirements of the code even be~ 
fore a practical method of testing procedure had been in~ 
vestigated. Im the early pert of 1080, x-ray apparatus was 
installed by the inspection departsent of one of the promi« 


nent boller makers. In 1961 the radiographic method was re«+ 
quived for the testing of the fusion process of welding 
which wac forenlly adopted by the A%.0.8. boiler code, 
covering the construction of high pressure vessels. A cen« 
eus taken in 1956 etated that there were at least 40 X-ray 
equipments in this country, ani during the past two years 
there has been a contimed increase. (Hodge, 1956.) 
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Pa fr as: (2) 


or logt = Ux (2) 


where I to the transmitted intensity of the bean and I, is 
the ineident intensity, or the intensity leaving the K-ray 
tube. ( ig the Moear absorption coefficient for the avers 
age wave length of the X-rediation, ami x is the distance 
traversed through the object. Loeb (1986) hae graphed sass 


absorption, which is linsar absorption divided by the densi- 
ty, versus atomic number for hard and soft rays. This graph 
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Pige le eray absorption. 
Prom the graph it may be shown that 
Tae Ge (3) 
where Z is the atomic mumbor and V is the peak voltage and 
n has @ value from two to three. In other words the absorp- 
tion of the X«ray beam is proportional to the density of the 
“absorber” and inversely proportional to the average wave 
length of the beams. 


A conventent for: for the conversion of voltage to wave 
length may be expressed ag 


Mwavetangtiia 2725 = 


where lasbéa io in Angstrom units (2 Adsal0 ens). Prom @ 
consideration of equations (3) and (4) tt Le understood why 
gamea and cogmic rays have such highly penctrative ability, 
Por beet resulte the k-ray intensity striking the flim 
should have a minieum value of ten per cent of the incident 
beam. Using thie assumption and knowing the thicimess, x, 
the approximate voltage for the exposure can be obtained 
from the absorption curves. Bat in actual practice it is 
not possible to rigidly apply these equations, sinee the 
X=pay beam te onde up of mmerous wave lengths of radiation 
having different absorption coofftetents. Also, for a given 
beam of X-rays entering an object the cceffictent of absorp~ 
tion will change as the radiation progresses, since the 
first layors of metal will filter cat the soft rays, leaving 
the harder cones which bave a lower absorption ccefficient to 
continues through the metal. Thie problem ony be reduced br 
making the bean more homogeneous by full wave rectification 


of voltage and the une of filters. 


Sheice of voltage. It waa mentioned above that an in+ 
teneity of st least ten per cont of the main beam was neces« 
sary for sensitization of the photographic plate or radio- 
graphs It is evident then, that in order to get the nartoun 
muber of possible shades betwen the Mghtest and darkest 
areas, the proper voltage must be chosen which will allow 
minimam transmiesability of the Kray beam on the thickest 
section of the metal radiograpted. In other words radiation 
intensity striking the {11m bas @ renge fron ten to one 
hundred per cent of the incident beam, secording to the 
anoant of metel it has traversed. 

intensifying sereens. intensifying sereens as the name 
implies are used to magnify the effect of the X-rays in 
sonsitising the flim. These sereens, im general, are made 
of caleium tungstate, which to a flacrescent material. tn« 
der the influence of Xerays, thie saletus tungstate flucre 
eaces with a deep bine licht that is strongly ectinie. The 
flucressence of the screen is directly proportional to the 
X-ray intensity striking the material. hie proportionality 
ie quite fortunate and no doubt fs one of the outstanding 
aiscoveries which reduce the exposure perio! to a minimum. 


The flncressent material ie mixed with e binder ani formed 
into ea flat sersen in such « manner that the film can be 
placed against it. ‘Intimte contact te necessary in order 
to assure the absence of any spreading of the blue light as 
it leaves the sereen whieh would corse on enlargement of the 
apparent “irage." Laboratory tests hare shown that these 
eeveens will intensify the sensitization of the film as much 
ae 100 times. (Clark, 1052+) Por average shop conditions 
the intensification ie abeut thirty, depending upon the type 
and age of the screens. 

Penetrapeterg. Artifietal defects, wich are placed on 
the surface of the specimen te noasure the sensitivity of 
the exposure are called penetraxeters. One com-on type cone 
iste of a steal plate having 4 thiolmese of two por cont of 
the thielkmees of the object to be radlegraphed and of the 
same wraterial, Holes, of various diaweters, ere Grilled tn 
this penetremeter, the lmmcge of which should appear on the 
radiograph if the exposure bne the proper sensitivity. 
likewise, inages on the radiograph of the sane degree of 
éerimess as the penetrascter holes, indleate the defects, 
represented by these leages, are of the eam order of mage 
nitude. Knowing the else of the defects te very essential, 
and because of this the A.7.M.i. doller code requirerente 


call for the use of penotrameters in the production radioge 
raphy of bigh pressure vessel weldinge 

Derk rooms The design of a radiographic dark room does 
not differ considerably from that of an ordinary phote- 
graphic dark roome A load lined box for film storage te 
necessary where X-ray or gum ray work is belng dome. Over 
& long time tho acewmilated effect of the radiation will fog 
the unprotected film until it is useless. Thte situation 
ave close to each other. Other dark roo problene are simi< 
= Seana oo tapeneemarIR aoe 25 
puumiasieti th ti Mibesinn un tae ead 
interpreted properly. iis might be done to « high degree 
of accuracy by the use of a photoceter, but ouch practice ts. 
completely impractical for shop work, under present condi-« 
tions. By devising @ light beckground of uniform intensity, 
the radiographs ean be stadled and interpreted by oye with a 
wather high degree of accuracy. In moat reciographs there 
are “land marks” that indteate the sensitivity of the ex 
pooure. For instance, the splatter due to the welding prow 
cose will be “tmaged” on the film, and will serve as on tne 
dex to the magnitude of the internal defects In certain 
Cases. Here, as in many other fields, tmproved accuracy 
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comes with experience and familiarity with radlography. 
dust aa every shadow on @ radiograph of the human body has a 
signifteance to the medical padiclogiet, sc too, every spot 
on the flls nae a significanse in the eyes of the industrial 
wadLologist. 
Experimental Dats ey 

Hethods end matertelgs Ono hundred test coupons were 
prepared for radiographic and tensile tmpact testing. All 
of theese coupons were wade from mild steel stook exeent the 
group from 40 to 70 which wore made from certified mild 
steel. These coupons wore welded out of 3/6 by 3/é~inch 
operation. The wold was of the double vee type, batt joint, 
using & Noe 7 Lincoln coated electrode and performed by an 
operator of laboratory welding experience. fadlographe were 
taken in the "as welded" condition before the samples were 
prepared for the tensile impact test. These radiographs 
Gppear in Plates I, II, and III. The progressive steps in 
the preparation of the coupons for the tensile impact test 
are shown in Figure 3 of Plate V¥. The coupons were X-rayed 
again es they appear in the condition for tensile impact 
testing in@icated in the next to the last step in Pigure 3 
of Plate Y. The reproduction of this seeond croup of radlee 


oe 


graphs appears in Pilates III and IV. These radfographs wore 
interpreted and qualified as "good" or “bad” and recorded as 
indicated in Table 1. Utkewlse tensile impact tests were 
run and the mechanical properties of the welds were tabu- 
lated im Table 1. | 

The tensile impact test. The tensile impact test was 
decided upon as providing the best comparison with the 
radiographic test as to the effect of lack of homogensity 
resulting from the welding operation. The tensile impact 
test measures the physical qualities of the volume of the 
metal in the parallel section under stress. Therefore, 
qualities of the test section are affected considerably by 
the presence of slag inclustons and gas pockets. The ragio« 
graphic test, at present, is capable only of indicating this 
lack of homogeneity due to gas pockets or slag inclusions. 

Interpretation of data. ‘nowing the sensitivity of a 
given radiograph, it wae possible to estimate the sise of 
the defects. In the given radlographed coupons only the 
center section ts of concern ainee the sides are removed in 
the machining operation preparatory to the tensile impact 
test. From previous cbservation of the effect of defects in 
test bars it was possible to predict where the failure would 
cocurs A comparison of the radiographs in Plates I, II, and 
Til with the destructive test values in Table 1 will bring 


oat this pointe 

Out of the 100 test bare, tho position of failure was 
predicted in all cases except two. In several cases failure 
cecurred in the parent motel albeit there were defects tn 
the deposited metal. Thie tneleated tho inereased strength 
Of deposited setal over parent metal. 

The graph shown in Pigure 4.te a plot of tensile impact 
values versus per cont @longation. As is resdily evident, 
Cne group comprises those that failed in the deposited netal 
section while the other group represents the failures in the 
parent metal section. Due to the lower duetility of the de- 
posited metal, fellures in thie area are brittle ani show 
| «Little reduction in area. Figure 2, Plate ¥, exmplifies 
this statement. 


eLogranbsee Since there is no accepted 
shniahion Geib Sateaaslinieia Wetbtabitidies ons didn Naa 
rion must be set up in the mind of the radiologiet. this 
oriterion, of course, is determined by the quality of weld 
domanded. 


Rodern practices demands almost a complete absence of 
Giscontinulties in certain engineering structures. There« 
fore, a radiograph showing any defects whatsoever will indi- 
cate a "bad wold.” However, as i shown in the test sam- 
ples, the radiograph will reveal defects and still represent 
a weld of greater than 100 per cent efficiency. It was this 
last criterion that served in interpreting the radlographs 
as representing "good" or "bad" welds. These eriticians 
in the lest colwm of Table 1. wWhero the observation was 
incorrect, as indicated by the destructive test, the remark 
was placed in quotation marks. 
to inorease the sensitivity of the radiograph. It has been 
common practice to obtain a sensitivity of two per cent in 
routine work while the radiographs made in this test work 
bad a sensitivity of one per cent. A well Imown motor car 
plent in Detroit seeks a sensitivity of one half of one per 
cont in the radiography of crank shafts. This degree of 
sensitivity, for inatance, allows small flaws to be detected 
which could not be noticed otherwise, until the final grind- 
ing operations on the bearings. 

feation of failure. It ie interesting te note that 
ilies Winsett Aiiiacan ss anes when eile 


the welds, The rupture either ocurred in the cross section 
of the defect, or in the uneffeoted aren of the parent mt- 
al. These types of failure are shown in Figure @ of Plate 
Ve 


Aévanteges of Radiographic Testing 


Zlexivitity. In the radiographic test no mehine work 
is necessary. Txposure ratings are cetermined for the given 
thickness of metal and the specimen exposed in the "ae 
welded” condition. The dark roou procedure te simple and 
soon becares routine. The Padiograyh also serves as a 
vatings and tho quality of the weld. 

Seat. while ractiograyhic work, at present, ie expen= 
sive, and without it certain modern onginsering structures 
would not be practical, there is no nomedestructive test 
that can replace it. “Successful attempte are being made to 
veduce the cost of radiographic teste. 


The sesulte of the teste recorded im the previous pages 
may bo summarized ag foliowa: 

le Gut of 160 tested coupons the radiograph indteated 
the correct failure position in all bat two cases. 


R» Pallure ccourred either in the deposited acetal or in 
the unaffected area of the parent notal, There were no 
fallures in the beat affected area. 

3. The reiiegraphs showed a sensitivity of one per cent 
as indleated by the penetrameterns 

4. Many welds that wore chown as defective in the 
radiograph cid not fell in the weld metal. The tensile im- 
pact strength of the deposited metal was greater than the 
parent metel strength. 

5. The rediegrephic test was moh superior to the 
tensile impact test comerning actual tine consumed in 
vomning the tests. 


The writer wlahea to acimowlodge hie sincere apprecia- 
tion for the cooperation and helpful giidanee of Professor 
Ge Ws Carlson and Professor fe Ae “Ollers of the Departuent 
of thop Practice. 
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Table 1 (concl.) 
Diam #Tonsile 
BOs Inches Pts Ibs 
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EXPIANATION OF PLATE I 


fhe exposure settings for these radiographs were: 
Voltage sess. coeeveesceseeeeseoeuceese sll kyp.e 


AMPOPAGSceccccevesecsevesvesasesessoese 6 ma. 


PEM cove cccecsssceceseseseeervererenus SOC. 
oeenevesesencecesse €0 Itc 
aseePatterson 


PALCOPR ce cvcececcdescesecescecessesOsO8 Ima Als 


PLATE I 


EXPLANATION OF PLATE IT 


The exposure settings for these radiographs were: 
VOMAGOcesccccsesccocerevensnessaseseelll kvpe 


REPOTELS + ocecoeereesevsereeesasenennee 6 mae 
Time. +. Se eO PERO RE ERRORS OTRO ROTH HOHE SOCs 
+eneeeenenesereoree 


intensifying sereonss...+. Industrial. 
Ror eneeetepaenenernnehenne serene ans Als 


PLATE II 
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The exposure settings for these radiographs were: 
VOLEEGS oe vcceecssecersscenseseeaesercel lO kvp. 


AMPCTAGSs cocccsscsseseeveasecessesescs 6 Ms 
PRM cc ceneceeseescenseedawesceoseeuces 15 sec. 
eoeecenseerevesoves 40 ine 


Intensifying screens...+«+Patterson Industrial. 
PLlLOPSrcccesevecscucsesevesessencOs62 in. Ale 


VOLER gia wcececsresnescess seoveconesen veel ky¥D. 


POSS OSA See ROT eS Ces eKeCReeoeeeee BG Te 
TIM vecsseeescseveecccerensesscsceseeneld seC . 
Aoveeevesucecoevesce 40 ime 


Intensifying screens...+Pat Industrial. 
FEISS scececneneocecsesseneeeecesOstl ins Al. 
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BXPLANATION CF PLATE TV 


The exposure settings for these radlographe weret 
VOILA recesesevesrsossesecrsssesesess 400 kwp. 
AGP o 


¢eveesereceecseoeouseccecosees G Rte 

eet cosetevasectevcsoceercorescnsetenem 9606 

GEstancOccacesccevesecsesece 4 ite 
Tntensifying sereens..+.+Patterson Industrial. 
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PLATE V 
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EXPLANATION OF PLATE VI 


PLATE VI 
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failures (Area A), and weld metal failures (Area B). 
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